The mitogenicity, lethal toxicity, and Shwartzman rLeaction of three derivatives of chemically synthesized 2-keto-3-deoxyoctonic acid-linked 2,3-diacyloxyacylglucosamine-4-phosphate (KDO-GlcN-4-P) were determined. The compounds, A-301 (with di-3-hexadecanoyloxytetradecanoyl at the C-2 and C-3 positions), A-303 (di-3-tetradecanoyloxytetradecanoyl), and A-305 (3-dodecanoyloxytetradecanoyl and 3-tetradecanoyloxytetradecanoyl), induced a significant incorporation of [3HJthymidine into splenocytes of C57BL/6 mice. The compounds A-301 and A-303 showed lethality at a high dose of 50 ,ug per mouse in C57BL/6 mice sensitized with D-galactosamine, whereas A-305 caused toxicity even at a dose of 10 ,ug per mouse. HIowever, the three compounds did not elicit the local Shwartzman reaction in rabbits. These findings indicate that the addition of 2-keto-3-deoxyoctonic acid enhances the mitogenic activity of 2,3-diacyloxyacylglucosamine-4-phosphate but does not affect the lethal toxicity and the induction of Shwartzman reaction.
Lipid A is known to be responsible for the expression of many biological tictivities of lipopolysaccharide (LPS) of gram-negative bacteria (10) . There are several reports on the biological activities of natural (14, 15) and chemically synthesized (9, 11) monosaccharide analogs of lipid A. Recently, it has been shown that the biological activities of chemically synthesized lipid A analogs (7) are almost the same as those of natural lipid A (6, 8) .
Chemical analyses revealed that the C-6 position of the nonreducing glucosamine moiety in lipid A of the Re mutants of Salmonella typhimurium (3) and Escherichia coli (23) is the attachment site to the C-2 position of 2-keto-3-deoxyoctonic acid (KDO), which is well known as the characteristic sugar of the core region in LPS. However, the role(s) of KDO in the various biological activities of LPS is still unclear.
In a previous paper (17) , we reported that synthetic tetraacetyl-KDO-linked 2,3-diacyloxyacylglucosamine-4-phosphate (GIcN-4-P) (A-205), a nonreducing sugar moiety of lipid A, is capable of increasing the incorporation of [3H]thymidine into murine splenocytes in vitro. In this study, we describe the mitogenic activity, lethal toxicity, and Shwartzman reaction of three synthetic derivatives of KDO-linked GlcN-4-P in comparison with those of the synthetic lipid A analog and bacterial LPS.
The compounds tested in this study, A-301 (with di-3-hexadecanoyloxytetradecanoyl at the C-2 and C-3 positions), A-303 (di-3-tetradecanoyloxytetradecanoyl), and A-305 (3-dodecanoyloxytetradecanoyl and 3-tetradecanoyloxytetradecanoyl), were synthesized as described in another paper (S. Nakamoto and K. Achiwa, manuscript in preparation). Compounds A-105 and A-205 were synthesized as * Corresponding author. described previously (12, 13) . Their chemical structures are shown in Fig. 1 . Before the experiments, all the compounds were suspended in pyrogen-free saline (Otsuka Seiyaku Co., Ltd., Osaka, Japan) and sonicated for 20 to 30 s. As a reference substance, synthetic E. coli type lipid A (com- Male C57BL/6 mice, 7 weeks old, were purchased from the Shizuoka Agricultural Cooperative for Laboratory Animals, Hamamatsu, Japan. The mitogenicity of the compounds was determined on the basis of in vitro [3H]thymidine uptake into murine splenocytes as described in a previous report (20) . In brief, the splenocytes were suspended in RPMI-1640 medium (Nissui Pharmaceutical Co., Ltd., Tokyo) supplemented with 10% fetal bovine serum (GIBCO Laboratories, Grand Island, N.Y.). A (2) . Previously, we showed that KDO-free GlcN-4-P derivatives including A-105 had little or no mitogenicity (19) .
Furthermore, we reported that tetraacetyl KDO-GIcN-4-P derivatives including A-205 exhibited significant mitogenicity (17) , but did not affect the expression of antitumor activity and lethal toxicity (18) . Based on these results, the mitogenicity of KDO-GlcN-4-P derivatives used in this study was weaker than that of tetraacetyl KDO-GlcN-4-P derivatives. Deaths of mice were not observed in any treatments after 24 h. From the present and previous findings (18, 19) , the lethal toxicity of KDO-GlcN-4-P (A-301 and A-303) seems to be no greater than those of the KDO-free compound (A-105) and tetraacetyl-KDO-linked compound (A-205) .
A characteristic property of bacterial LPS and lipid A is their induction of local Shwartzman reactivity in rabbits.
Each compound (40 and 80 pg per site) in 0.2 ml of saline was injected intradermally into the shaved back skin of two Japanese white rabbits (female, ca. 2.5 kg). After 18 h, the animals were injected intravenously with 100 pg of S. typhimuriuin LPS to provoke the reaction. Intensity of the Although the solubility of KDO-GlcN-4-P derivatives was higher than that of tetraacetyl KDO-GlcN-4-P derivatives, the increase in solubility caused by the addition of KDO did not enhance the potency of mitogenicity. Since there are structural resemblances between N-acetylneuraminic acid and KDO, the former was synthesized and linked to GIcN-4-P, and then its mitogenicity was examined. Unexpectedly, the N-acetylneuraminic acid-GlcN-4-P derivative did not show an increase in the incorporation of [3H]thymidine (unpublished data). The reason for the differences in the mitogenic activity of synthetic N-acetylneuraminic acid and KDO compounds remains to be resolved. This is the first paper regarding the biological activities of chemically synthesized derivatives of the KDO-linked nonreducing glucosamine moiety of lipid A. We found that the addition of KDO enhanced the mitogenicity of GlcN-4-P, but did not affect lethality and induction of Shwartzman reaction. Further chemical modification of monosaccharide or disaccharide analogs of lipid A seems to be of significant interest in clarifying the relation between biological activities and structure of LPS.
